Computer algorithms can detect temporal lobe seizures on scalp EEG before an ictal pattern arises. Lateralization of seizures is also possible on scalp EEG before a visible ictal pattern arises. Analysis of the pre-ictal scalp EEG can add valuable information to guide presurgical evaluation.
h i g h l i g h t s
Computer algorithms can detect temporal lobe seizures on scalp EEG before an ictal pattern arises. Lateralization of seizures is also possible on scalp EEG before a visible ictal pattern arises. Analysis of the pre-ictal scalp EEG can add valuable information to guide presurgical evaluation.
a b s t r a c t
Objective: In mesial temporal lobe (mTL) epilepsy, seizure onset can precede the appearance of a scalp EEG ictal pattern by many seconds. The ability to identify this early, occult mTL seizure activity could improve lateralization and localization of mTL seizures on scalp EEG. Methods: Using scalp EEG spectral features and machine learning approaches on a dataset of combined scalp EEG and foramen ovale electrode recordings in patients with mTL epilepsy, we developed an algorithm, SCOPE-mTL, to detect and lateralize early, occult mTL seizure activity, prior to the appearance of a scalp EEG ictal pattern. Results: Using SCOPE-mTL, 73% of seizures with occult mTL onset were identified as such, and no seizures that lacked an occult mTL onset were identified as having one. Predicted mTL seizure onset times were highly correlated with actual mTL seizure onset times (r = 0.69). 50% of seizures with early mTL onset were lateralizable prior to scalp ictal onset, with 94% accuracy. Conclusions: SCOPE-mTL can identify and lateralize mTL seizures prior to scalp EEG ictal onset, with high sensitivity, specificity, and accuracy. Significance: Quantitative analysis of scalp EEG can provide important information about mTL seizures, even in the absence of a visible scalp EEG ictal correlate. Ó 2017 International Federation of Clinical Neurophysiology. Published by Elsevier Ireland Ltd. All rights reserved.
Introduction
The first phase in epilepsy presurgical evaluation uses scalp EEG monitoring to record seizures, with the intent of lateralizing and localizing the seizure onset zone. While scalp EEG is non-invasive and cost-effective, several drawbacks frequently hamper interpretation of these recordings. First, scalp EEG recordings are prone to extracerebral artifacts. Myogenic artifacts at the start of a seizure can obscure cerebral activity, making it difficult to lateralize or localize seizure onsets. Second, scalp EEG has poor sensitivity for deep brain structures. Seizures that arise from the mesial temporal lobe (mTL) can occur without any obvious scalp EEG ictal correlate, or may develop a scalp EEG ictal correlate only once the seizure has propagated beyond these deep structures (Ebersole and Pacia, 1996; Pacia and Ebersole, 1997; Risinger et al., 1989; Sakai et al., 2002) . Propagated seizures may manifest on scalp EEG as midline or diffuse changes that are neither lateralizing nor localizing (Lieb et al., 1976; Spencer et al., 1985) . In other cases, a significant electroclinical delay may cast doubt on scalp EEG ictal findings, even if they are lateralizing or localizing.
These factors limit interpretation of seizure recordings on scalp EEG and often result in the decision to pursue more invasive investigations with depth electrodes or subdural grids. Yet, invasive recordings are costly and carry substantial risk. In many cases,
